Background: Outpatient spinal surgery is becoming increasingly common and in some areas is now the preferred course for certain procedures. Many different procedures, including ACDF, have been examined in the outpatient setting in the past few years but to our knowledge none have included the ambulatory setting. Methods: All ACDF procedures performed during the time frame of the study were included. Charts were pulled and evaluated using the outcome measures. One and two-level ACDF were divided into respective cervical levels and individually analyzed. Results: Single level ACDF comprised 62% (n ¼ 74) of the total surgeries. Single level ACDF patients averaged a total hospital stay time of 4.7 hours, with a maximum total stay time of 8.2 hours and a minimum stay time of 0.8 hours. Two-level ACDF made up 38% (n ¼ 45) of the total surgeries. The average total stay time for two level ACDF was 5.4 hours, with a maximum time of 9.6 hours and a minimum of 3.4 hours. All patients were comparable in age and gender. There were no major operating complications and neither re-admissions nor deaths after discharge. There were two transfers from ambulatory surgical centers to inpatient status for observation only. Conclusions: Outpatient one and two-level ACDF with plate fixation can safely be done on an outpatient ambulatory basis. The data suggest that all subaxial cervical levels can be treated. Patient fusion and satisfaction data were not obtained and thus cannot be commented upon. Clinical relevance: Ambulatory ACDF should be considered as a feasible option for reducing hospital stay as well as the associated healthcare costs. 
Introduction
Anterior cervical discectomy and fusion (ACDF) has long been used to treat a variety of disorders in the cervical spine. Over the past several years, spinal surgery has been increasingly done on an outpatient basis, and ACDF is no exception. With the constant rise in medical costs and the mounting number of procedures, specialized outpatient surgeries are becoming a progressively larger part of surgical practices. 1, 2 Owing to the advancement in outpatient surgical centers, anesthesia, and surgical techniques, outpatient spine surgeries are becoming a preferred method of treatment for both physicians and patients in many locations. The resulting shorter total time in facility and quicker return to home has been demonstrated by Villavicencio et al. 3 Reported hospitalization times for the ACDF procedure range from 20 to 96 hours when not done on an outpatient basis. 3 Ambulatory care seeks to drastically reduce postoperative hospitalizations and increase patient satisfaction. Studies have proven that other spinal surgeries are safe and costeffective when done in an outpatient setting 4, 5 ; specifically, outpatient lumbar discectomy and cervical laminoforaminotomy have produced good results. 6 As ACDF is a common surgical procedure for degenerative disc disease and herniated discs, its feasibility as an ambulatory procedure should be examined. Our study seeks to expand on this current literature by dealing with the largest volume of outpatient patients with ACDF, adding the ambulatory setting, and evaluating safety based on the surgical level addressed. center was performed. Data extracted from the charts included the age, gender, date of surgery, indication, surgery level, graft and plate, surgical times, anesthesia time, ambulatory stay time, and complications. The charts also included the clinic notes and these were examined for any evidence of postoperative readmission and complications. All surgeries were done between the C4-C5 and C7-T1 disc spaces. All patients underwent anterior ACDF via the Smith-Robinson approach. Implant choice was based on surgeon preference and included PEEK, allograft with or without local autograft. All patients received anterior plating with system based on surgeon preference. All surgeries were done in the ambulatory surgery center at a privately held orthopedic clinic in Savannah, Georgia. All surgeons were orthopedic fellows trained in spinal surgery.
Clinical progress notes were followed up for up to 1 year and a minimum of 3 months postoperatively to assess postoperative complications requiring readmission. Anesthesia times, surgical times, and total hospital times were averaged both for single-and two-level ACDF as a group, and at each level individually to see if ACDF could safely and efficiently be accomplished in an ambulatory setting.
We performed 119 procedures (66 in males and 53 in females) on patients with ages ranging from 21 to 64 years with an average age of 45 years. The single-level procedures performed involved the C4-C5 disk space in 6 patients, C5-C6 in 39, C5-C6 in 26, and C7-T1 in 3 (total 74 patients). The 2-level procedures involved C4-C5 and C5-C6 in 16 patients and C5-C6 and C6-C7 in 29 (total 45 patients).
Surgical procedure
All patients met with an anesthesiologist for preoperative examination and treatment, and were deemed safe for ambulatory general anesthesia. During the surgical procedure, the patient was placed in the supine position, shoulders taped and no traction applied. Intraoperative fluoroscopy was employed for incision localization, level confirmation and to ensure good hardware position. The approach side varied by surgeon preference and exposure was via the Smith-Robinson approach. Hemostasis was ensured at closure and no drains were applied. The patients were then transferred to the postoperative anesthesia recovery unit for observation and discharge.
Results
A total of 119 patients underwent anterior cervical discectomy and fusion. Most of the patients were male (55.4%) with a mean age of 44.6 years (range: 21-64 years). Females comprised 44.6% of the patients with a mean age of 46.6 years (range: 28-61 years). We performed 60% of the procedures to treat cervical disc herniations, 18% for radiculopathy secondary to spondylosis, and 22% for a spondylolisthesis or combination of spondylolisthesis and spondylosis.
Single-level ACDF comprised 62% (n ¼ 74) of the total surgeries. For single-level ACDF, the mean anesthesia time Table 1 Mean and ranges for anesthesia, surgical, and hospital stay times for both single-and two-level ACDF Level Tables 2 and 3 .
Out of all 119 outpatient ACDFs, there were only 2 complications during the surgical procedure that required patients to be transferred from an outpatient to inpatient status. One patient was transferred for overnight observation secondary to excessive blood loss from inadvertent avulsion of the inferior thyroid artery at the carotid. The second patient was transferred for overnight observation for what was deemed at the time of wound closure to be excessive soft tissue swelling leading to concerns about continued swelling postclosure. There was no concern in the second patient for hematoma as the swelling was visualized before closure. Both patients were subsequently discharged the next morning having had no further issues. There were no readmissions or deaths due to patients' cervical surgery.
Discussion
The current literature on outpatient anterior cervical discectomy does not examine the difference in surgical times and hospital stay across different levels of the neck. Further, no published study has examined ambulatory ACDF. Our study involves a higher outpatient volume than any previous publication, adds an ambulatory setting variable and breaks down the patients by surgical level. The low total hospital stay time, which is defined as the time from which the patient begins the preoperative procedures to the time of discharge, along with other published literature for both single-and twolevel ACDF, shows that ACDF can effectively be performed on an outpatient basis. Villavicencio et al. 3 showed that patients undergoing single-or two-level ACDF were discharged less than 15 hours after their surgery. This study, with a mean hospital stay time of 5.0 hours (range: 2.3-9.6 hours), shows all patients being discharged within 10 hours, regardless of whether it was single-or two-level ACDF and irrespective of the level being operated on. This is a vast improvement on the inpatient mean hospitalization stay of 2.5 days shown by Erickson et al. 6 In addition, only 2 of the 119 patients on whom we performed surgery had minor complications during the surgical procedure requiring hospital observation; this not only shows that ACDF can be done quickly and efficiently, but it is also a safe procedure. These findings are consistent with the established literature, showing that outpatient ACDF is just as safe as inpatient ACDF. 7, 8 At the time of patient encounters described in this data, it was our practice to use no drainage. Despite the lack of any postoperative bleeding complications, we have instituted the use of a Penrose drain in all patients. This drain is pinned to the dressing and removed by the patient the morning of postoperative day 1. This has been initiated purely for the peace of mind of the surgeon, nurses, and patient. None of our patients presented with any complications during the 1 year for which they were followed up.
In addition to outpatient ACDF shortening the hospitalization time for patients and reducing their exposure to nosocomial infections, it could also be a money-saving practice for both physicians and hospitals. 9, 10 There are already well-established studies that have identified outpatient ACDF as a cost-efficient procedure. Specifically, studies have shown the cost of inpatient single-or two-level ACDF to be between $6739 and $15,000. 3, 11, 12 Erickson et al. 6 demonstrated savings between $4000 and $8000 when they compared inpatient ACDF with outpatient ACDF.
This study confirms much of the research on both outpatient spinal surgery in general, and specifically, outpatient ACDF. Although the literature shows that ambulatory ACDF can be done effectively, our study specifically examines the individual cervical levels so as to gain a better understanding of the safety and practicality of outpatient ACDF. Not only does ambulatory ACDF decrease hospitalization time for patients, but it also is a very cost-effective method for both hospitals and physicians.
